Several mycoplasmas isolated from pigs and designated B strains were previously found to be different from Mycoplasma hyorhinis and M. granularum, and to comprise four distinct serotypes. In the present study three of these serotypes were identified as M. laidlawii, M. gallinarum and M. iners, respectively. One serotype represented by mycoplasma ~3 could not be identified. The isolation of avian serotypes from pigs is discussed in the light of host specificity of mycoplasmas.
INTRODUCTION
Mycoplasma hyorhinis and M. granularum were first isolated some years ago from pigs (Switzer, 1955 (Switzer, ,1964 and many times subsequently. Dinter, Danielsson & Bakos (1965) described several mycoplasmas isolated from pigs, some of which (SEP strains) were identified as M. hyorhinis. The remainder, designated B strains, were neither M . hyorhinis nor M. granularum; on the basis of agar gel diffusion and growth inhibition studies they comprised four distinct serotypes. In the present study most of the B strains have been identified as previously named mycoplasmas, by using metabolicinhibition and growth-inhibition techniques. The specificity of mycoplasmas in tissue culture systems and in vivo is discussed in the light of the findings.
METHODS
Mycoplasma strains. The strains from pigs have been described previously (Dinter et al. 1965) . In the present study two reference strains, M. hyorhinisF and M. granularum, and six B strains, BI to ~6 , were compared with mycoplasmas isolated from sources other than the pig. (Dinter et al. 1965 ) and GDL (Purcell et al. 1966a ) were used for antibody studies. Stock mycoplasma cultures were stored at -70" in liquid medium and were titrated for viable organisms before use in the serological tests.
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Mycoplasma media. Liquid medium consisted of Difco PPLO broth containing 20 yo (v/v) Titration of viable organisms. The principle of the method has been described before (Taylor-Robinson & Purcell, I 966). For those strains which metabolize glucose, 0.1 % glucose was incorporated in the medium which was adjusted to pH 7.8. For those strains which metabolize arginine, 0.1 % arginine was incorporated in the medium adjusted to pH 7.0. Serial tenfold dilutions of a mycoplasma suspension were made in liquid medium contained in screw-capped vials. The vials were incubated at 37" until the colour of the medium ceased to change. The highest dilution of the mycoplasma suspension which caused a colour change was regarded as the end-point of the titration. In addition, in some instances, 0.1 ml. amounts of the dilutions were inoculated on agar medium and these cultures incubated at 37" in an atmosphere of 95 % (v/v> nitrogen + 5 % (v/v) carbon dioxide. Colonies were counted when new colonies ceased to develop.
Rabbit antisera. Antisera to Mycoplasma hyorhinis strain F, M. granularum and to mycoplasma strains BI to ~6 were those described and used previously (Dinter et al. 1965 ). Antisera to other mycoplasma species were prepared in rabbits also. All sera were stored at -20" and were heated at 56" for 30 min. before use.
Growth inhibition on agar medium. The technique was that of Clyde (1964). Stock mycoplasma cultures, previously titrated, were diluted in medium so that 0.1 ml. contained about 105 colony-forming units. This was spread on the agar medium which had been dried for 30 min. at 37" before inoculation. Filter-paper discs (7 mm. diameter) were soaked with 0,025 ml. of undiluted antiserum and were placed on the agar. Zones of inhibition were recorded after incubation at 37" in 95 % (v/v) nitrogen + 5 % (v/v) carbon dioxide. Zones were measured from the edge of the disc to the edge of colony development.
Metabolic inhibition. The techniques previously described by Taylor-Robinson, Purcell, Wong & Chanock (1966) , and by Purcell, Taylor-Robinson, Wong & Chanock (I 966 b) were used. In some tests, unheated guinea-pig serum was used at a final concentration of 3 % (v/v). Results were recorded when a colour change of about half a pH unit had occurred in the controls containing mycoplasma organisms but no antiserum.
RESULTS

Metabolism of mycoplasma strains isolated from pigs
In order to use the metabolic-inhibition test it was necessary to determine which substrate, glucose or arginine, was metabolized by each strain. Mycoplasma hyorhinis, M. granularum and strains B3 and ~4 metabolized glucose but not arginine. Strains BI, ~2 and B5 metabolized glucose poorly, and metabolized arginine also, while strain ~6 metabolized arginine and not glucose. In subsequent metabolic-inhibition tests arginine was used for strains BI, B2 and B5.
Relationship between mycoplasma strains isolated from pigs
The porcine strains originally isolated by Bakos & Dinter (1963) were examined by the metabolic-inhibition technique. A rabbit antiserum prepared against each mycoplasma strain was tested against all the strains in the presence of unheated guinea-pig serum. Strictly, however, this was essential only in tests with B3 antiserum, the homologous titre of which was decreased at least 64-fold in the absence of guinea-pig serum. The results are shown in Table I related to each other but distinct from the other mycoplasmas. These results confirmed those previously recorded by Dinter et al. (1965) who used gel diffusion and growthinhibition tests. However, none of the mycoplasmas, including M. hyorhinis and M. granularum, had previously been adequately examined for their relationship to other known mycoplasmas. Therefore, in the first instance, rabbit antiserum to each mycoplasma strain was tested against a variety of known mycoplasmas in the metabolicinhibition test. When the results suggested a relationship with a known mycoplasma serotype, the rabbit antisera were examined in growth-inhibition tests, and, in addition, antiserum to the known species in question was tested also against the particular porcine mycoplasma strain.
Relationship of mycoplasma strains BI, B2 and B5 to Mycoplasma gallinarum
The results presented in Table 2 clearly show that strains BI, ~2 and ~5 , known to be related to one another, are closely related to Mycoplasma gallinarum and may be regarded as strains of this known mycoplasma species. Biochemically, M. gallinarum was found to resemble strains BI, B2 and B5 in metabolizing both arghine and glucose, the latter poorly.
Relationship of mycoplasma strain B4 to Mycoplasma laidlawii Antisera to Mycoplasma laidlawii inhibited this mycoplasma to low titre in metabolicinhibition tests but gave wide zones of inhibition on agar. This was a finding not usually observed with other mycoplasmas. Since the ~4 antiserum behaved likewise in tests with its homologous organism it raised the possibility that strain ~4 was a strain of M. laidlawii. The results in Table 3 show that this is so. Metabolic-inhibition titres were low and were not enhanced by addition of unheated guinea-pig serum to the tests, whereas zones of inhibition on agar were readily observed. In addition, further evidence for the relationship was obtained in the following manner. When strain ~4 was tested against its homologous rabbit antiserum by the disc inhibition method, several colonies were observed within the general zone of inhibition. Each of these 'within zone' colonies was cloned, propagated in liquid medium and then these materials were retested in both metabolic-inhibition and disc growth-inhibition tests against ~4 and M. laidlawii antisera. Organisms grown from each 'within zone ' colony were inhibited to low titre (20-40) in metabolic-inhibition tests with both ~4 and M. laidlawii antisera; wide zones of inhibition on agar were observed with both antisera. Subsequent to these serological investigations, a culture of strain ~4 was diluted in serial ten-fold steps in mycoplasma broth without horse serum and inoculated on agar medium without serum. On incubation at 37", colonies developed as well on the serum-free medium as on medium with 20% (vlv) horse serum, indicating the biological similarity of strain ~4 to M . laidlawii. 
Relationship of mycoplasma strain ~6 to Mycoplasma iners
The results in Table 4 show that strain ~6 is closely related to Mycoplasma iners. ~6 antiserum did not inhibit M . iners to as high a titre as it did its homologous organism in a metabolic-inhibition test. However, M. iners antiserum inhibited ~6 and its homologous organism to an equal titre. Biochemically, M. iners was found to resemble strain ~6 in metabolizing arginine and not glucose.
Serological examination of Mycoplasma hyorhinis, M . granularum and
my coplasma strain ~3 Antisera to these three strains were examined in metabolic-inhibition tests against the mycoplasma serotypes listed in Methods. No cross-reactions were observed. In addition, antisera to some of the mycoplasmas listed in Methods were tested against strain ~3 in metabolic-inhibition and growth-inhibition tests but no evidence of a relationship with a known mycoplasma species was obtained.
Metabolic-inhibition tests with randomly collected avian and porcine sera
No sera were available from the pigs from which the mycoplasma strains were isolated. However, the strains were tested against about 40 randomly collected pig sera and 30 randomly collected chicken sera. The occurrence of antibody is shown in the porcine sera was not detected; this may have been due to the use of an antibodyinsensitive strain. Antibody to strain BI was not detected in porcine sera and antibody to the prototype M . gallinarum was rarely detected. However, antibody to strain BI was detected in avian sera, suggesting the occurrence of this strain in birds rather than in pigs. Antibody to strain B3 was found in both porcine and avian sera which did not help, therefore, in assessing the natural host. Strain ~6 and the proto-type M. iners behaved similarly. The occurrence of antibody to M. iners in porcine sera may be indicative of occasional infection of pigs with this mycoplasma or, alternatively, it may be a heterotypic response due to a possible sharing of antigens between M . iners and other mycoplasmas infecting pigs.
DISCUSSION
The major point to be discussed concerns the host specificity of mycoplasmas. Specificity may be viewed at several levels. At the cellular level it would seem that there is little dficulty in infecting tissue culture cells derived from several avian or mammalian species with a mycoplasma isolated from one of them. Some examples of this are presented in Table 6 . It is possible also experimentally to infect animals or birds of one species with a mycoplasma derived from another. Thus, infection of sheep and goats has been achieved by the subcutaneous inoculation of Mycoplasma mycoides from cattle (Turner, Campbell & Dick, 1935) and infection of cotton rats and hamsters by the intranasal inoculation of M. pneumoniae from man (Eaton, Meiklejohn & van Herick, I 944; Dajani, Clyde & Denny, 1965) . However, experimental inoculation may often be unsuccessful, probably because in vivo immune mechanisms play a part in preventing infection. For example, Switzer (1967) failed to infect mice, chickens, turkeys, calves, guinea pigs, hamsters, rabbits or sheep with M . hyorhinis isolated from pigs. Furthermore, under natural, as opposed to experimental, conditions there would seem to be an even greater degree of host specificity. In addition to immunological factors this may be due to the smaller number of mycoplasmas likely to be encountered under natural conditions. While in many instances there would appear to be a real host specificity, in others it is possible that this is more apparent than real. Apparent host specificity might arise from lack of opportunity to infect under natural conditions or because no attempts have been made to determine whether or not a Mycoplasmas from pigs 227 particular mycoplasma is capable of infecting another avian or mammalian species. From the foregoing it is clear that mycoplasma host specificity exists but that it is not likely to be absolute. In Table 7 some evidence is presented that under natural conditions specificity is not absolute. Whether the results of the present investigation represent further evidence against host specificity is open to question.
One of the strains, B4, was identified as Mycoplasma Zaidlawii. This is of interest serologically since in previous gel diffusion tests (Dinter et al. 1965 ) reciprocal crossreactions of low order were noted between ~4 and M. granularum, and Tully (1966) has reported a partial relationship of M. granularum strains with a M. laidlawii A strain (PG-8) in immunofluorescence tests. The finding of M. laidlawii in pigs would certainly not be inconsistent with the finding of this mycoplasma in other species by other workers. Thus, since its isolation from sewage (Laidlaw & Elford, 1936) , it has been found in chickens (Adler, Shifrine & Ortmayer, 1961) , man (Ruin, Michmann & Shimshoni, 1964), cattle (Leach, 1967) and horses (D. Taylor-Robinson & S . P. Beveridge, unpublished) ; this, presumably, is reason enough for its presence in sewage.
The strains BI, B 2 and ~5 were identified as Mycoplasma gallinarum and ~6 as M . iners, both these serotypes having been reported hitherto as occurring only in birds (Edward & Kanarek, 1960; Roberts, 1964; Dierks, Newman & Pomeroy, 1967) . The isolation of avian serotypes from pigs raises the question of whether these mycoplasmas were, in fact, laboratory contaminants. Evidence against this idea is that all the isolations were made directly on mycoplasma medium and not through embryonated eggs and that strains BI, ~2 and ~5 were isolated at different times over a period of two years. It is of interest also that all B strains were isolated from pigs having pneumonia, with or without rhinitis. It is conceivable that damaged respiratory tract tissue might be susceptible to colonization by saprophytic or 'unrelated' mycoplasmas. On the other hand, it should be pointed out that specimens from birds were examined within the same laboratory, although stock cultures of M . gallinarum and M. iners were never handled. We thought that serological examination of random avian and porcine sera might help to determine the source of the mycoplasmas. However, the data are difficult to interpret. The occurrence of antibody to strain BI in the sera of chickens but not pigs certainly suggests an avian host, although it might be possible for infection of pigs to occur occasionally without antibody development. The occurrence of antibody to strain ~6 in pig sera might be due to specific infection or to infection with an antigenically related strain. Therefore, although we feel laboratory contamination is an unlikely explanation for our findings it is obviously not possible to resolve this point unequivocally. Nevertheless, our observations should at least make others aware that mycoplasmas generally associated with a particular species might infect another unrelated species and so stimulate further investigation. Our findings reemphasize the need to test strains against all known mycoplasmas, and not merely against those commonly isolated from the same animal or bird, before regarding them as new species.
